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Abstract:

It is becoming increasingly important to understand in greater detail how people process in-
formation and make decisions while searching on the World Wide Web. With the distinction
between systematic and heuristic processing, dual-process theories and decision theory pro-
vide a useful framework for analyzing this decision-making. A laboratory quasi-experiment
was conducted, combining a client-oriented Web content analysis, think aloud technique, and
an online questionnaire. From the data obtained, two different search sequence levels were
created and analyzed. The results show that within these sequences, different degrees of heu-
ristic and systematic processing occurred, depending on the situational demands as well as the
Web experience and the domain specific involvement of the user.
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Introduction

Search engines have become a major tool for reaching a growing number of social, political,
economic, and cultural domains represented on the Web. The question thus arises how users
best apply these tools. Although a large proportion of the work of search engines may be de-
termined by search algorithms, the decision to phrase a certain query and activate a specific
link depends on the user. Considering the overwhelming amount of information available
through most search queries, the question of how users manage to orient themselves and re-
trieve relevant information with these tools is becoming increasingly important (e.g., Hargit-
tai, 2000; Pollock & Hockley, 1997).

Information processing and decision theory suggest that in complex decision situations such
as information retrieval on the Web, people tend to favor simplified decision strategies. That
means that they do not process all available information systematically, but rather heuristical-
ly, in order to cope with the amount of information. However, this can lead to inefficient or
even useless results. The focus of the present study is directed to this problem by looking at
people’s decision-making with respect to search engine use. More specifically, this study ex-
plores whether people tend to process information heuristically or systematically while using
a search1 engine and what role user and situational characteristics play in the decision-making
process.

Theoretical Background

From the early history of decision-making research, it has been argued that humans do not
always use their cognitive abilities extensively before they make a decision or execute an ac-
tion. According to the idea of ‘‘bounded rationality’’ (Simon, 1955), humans do not consider
all possible outcomes before deciding, due to lack of time as well as cognitive constraints.
Rather, they operate rationally within given boundaries. Decision research also deals with the
processing of information (Payne & Bettman, 2004). For a fully reasoned decision, the appli-
cation of cognitive effort is necessary. When considering a given problem with several multi-
attribute alternatives, a highly elaborated strategy or the complete consideration of all alterna-
tives and their attributes is needed. This should provide an optimal outcome while requiring
the most cognitive effort. Perhaps surprisingly, this strategy may not be superior to other
strategies (Gigerenzer, 2004). Thus, it is reasonable to use simple and faster strategies for de-
cision-making. These take less cognitive effort and, in most cases, are sufficiently efficient.
Simon (1955) coined the expression a “‘satisficing’’ decision, meaning that humans are often
satisfied with a less-than-optimal outcome as long as it suffices for their purposes (Newell &
Simon, 1972, p. 681).

Moreover, limited cognitive capacity during information processing (Lang, 2000) restricts the
strategic choice tomore simplified strategies. This happens especially when there is high un-
certainty due to incomplete information. These simplifications may be based on biased per-
ceptions and could lead to suboptimal outcomes. In trying to find an optimal trade-off be-
tween cognitive effort and efficient results, individuals act as adaptive decision makers
(Payne, Bettman, & Johnson, 1993), who select the most suitable strategy or heuristic from
their available repertoire.

Striking parallels can be found in information processing theories in social cognition research,
especially in dual-process theories (Chaiken & Trope, 1999), which assume that the human

! This study was funded by the Bertelsmann Stiftung. The aim of the study was not only to examine cognitive
processing and decision making during Web search, which is discussed in this article, but also to examine how
easily a search query can lead to Web pages containing unrequested and morally harmful content.



brain generally provides two opposed ideal modes of information processing. The use of these
modes is dependent on several external and internal factors. The most prominent representa-
tives of these theories, the Elaboration Likelihood Model (ELM) and the Heuristic-Systematic
Model (HSM) (Chen & Chaiken, 1999; Petty & Cacioppo, 1990), describe these processing
modes as a central vs. peripheral route and systematic vs. heuristic processing, respectively.
Both descriptions refer to the crucial point of cognitive effort that underlies the modes by dif-
ferentiating cognitively elaborated, conscious, and reflected ‘‘systematic’’ information pro-
cessing on the one hand, and non-elaborated, intuitive, and spontaneous ‘‘heuristic’’ pro-
cessing on the other.

Processing in a systematic way would imply a thorough, in-depth, complete, and well-advised
processing of all given information. Conversely, processing information in a heuristic way
involves relying on cues that signal truth, quality, or validity of that information. For example,
it would be a heuristic strategy to choose the top link of a search engine result page (SERP),
because many people believe that the top links are often the best links. These two processing
modes are seen as ideal types; in reality, the manner of information processing can range be-
tween these two poles on a continuum of more or less systematic processing.

The underlying assumptions of these theories relate to the principles of maximizing the out-
come while minimizing cognitive effort. As systematic processing requires more cognitive
effort, it is more likely that the individual will choose a trade-off between cognitive effort and
optimal outcome, resulting in a more heuristic, but (in regards to the outcome) efficient man-
ner of information processing (Chaiken, Liberman, & Eagly, 1989; Gigerenzer, 2004).

The mode of processing selected depends on internal (individual) and external factors. Inter-
nal factors consist of the individual’s cognitive abilities (e.g., prior knowledge) and of his or
her motivation to invest time and cognitive effort. Among the external factors, the complexity
of information, as well as other informationinherent and situational characteristics, can be
mentioned (Chaiken et al., 1989; Petty & Cacioppo, 1990).

Although rooted originally in the context of persuasion research in social psychology, the
dual-process theories have been referred to by several authors as relevant to information pro-
cessing and decision-making (Chaiken et al., 1989, p. 235). Based on the principles of mini-
mizing cognitive effort and maximizing the outcome, influencing factors are situational char-
acteristics of the decision situation itself (the number of decision alternatives), characteristics
of the individual (cognitive abilities, prior knowledge, experience, motivation), and character-
istics of the broader social context (accountability, risk of false decisions) (cp. Payne et al.,
1993).> While amount of prior knowledge determines generally available strategies, experi-
ence determines how often a specific strategy is used. Motivation influences the use of more
reflected strategies (Omodei & Wearing, 1995).

Taken together, both information processing theories and decision research suggest that the
application of heuristic, simple strategies in decision-making are widespread and in many
cases, sufficiently efficient.

Information-Seeking Behavior on the World Wide Web

For over a decade, numerous researchers have been interested in Web information seeking
and Web search behavior (for reviews, see Cothey, 2002; Eveland & Dunwoody, 2001; Jan-
sen & Spink, 2006; Pharo & Jérvelin, 2004). This previous research has produced valuable
insights into the way users make their navigational decisions. Web information searching of-
ten seems rather unsystematic; users seem to behave irrationally and appear to neglect many
relevant factors when performing their actions (e.g., Agosto, 2002; Bilal, 2000; Choo, Detlor,
& Turnbull, 2000; Cothey, 2002; Pharo & Jarvelin, 2004). Employing a qualitative methodol-
ogy, Agosto (2002) found that users are subject to time constraints and cognitive restrictions.

? In this article we skip the influence of the broader social context (e.g., agreements about the socially permitted
navigation decisions) and concentrate on the influence of situational and user characteristics.



In a longitudinal study, Cothey (2002) demonstrated that users adopt a more passive approach
to Web information searching and become more eclectic in their selection actions over time.
The question hinges on how this behavior can be theoretically substantiated. Following the
logic of decision psychology, the selection situation can be described as follows (Wirth &
Schweiger, 1999): The activity required to sustain the reception process causes high pressure
to select between several alternatives, mostly links. However, information about the destina-
tion of a link is usually quite low, as there are often no or minimal content descriptions. For
example, link descriptions on a SERP often contain little indication of what kind of infor-
mation is being offered (Borges, Morales & Rodriguez, 1998), resulting in uncertainty and
high subjective task complexity (Vakkari, 1999). On the one hand, the combination of the
highly decentralized structure of the Web, the often long decision paths, and the large number
of available alternatives decreases transparency and increases uncertainty. On the other hand,
the individual can determine the way and pace of information processing, giving him or her
greater control over the situation. It does not require much effort to revise a wrong decision;
the user only needs to click the ““back’’ button.

This underscores the negligible risk and apparent low cost of selection actions in general, as
using the Web usually requires little physical effort. Nevertheless, according to decision and
information processing theories, there should be variance in cognitive effort, depending on
situational characteristics on a macro level (the task type and complexity) and a micro level
(number of alternative links and their characteristics, complexity and structure of a website,
etc.).

Empirical findings seem to suggest that more systematic processing occurs if the complexity
of the decision situation increases. However, according to the economyminded individual and
his or her limited cognitive capacity, it seems very likely that the user will process the infor-
mation in a rather heuristic manner (Wirth & Schweiger, 1999). The same ambiguous picture
emerges with regard to the influence of user characteristics. On the one hand, it seems likely
that individuals with high domain specific knowledge, Web experience, and motivation will
make more systematic and elaborate decisions (Eveland & Dunwoody, 1998; Holscher,
2002). On the other hand, the findings also suggest that users with a great deal of Web experi-
ence mix systematic and heuristic decision-making routines flexibly. Further, the better the
situation is known to them, the more they use heuristic processing, and the more they act in an
adaptive fashion. Here, further research would be helpful in providing insights into the cir-
cumstances of the different modes of search behavior.

To that end, an empirical approach is appropriate that first considers the situational and user
characteristics as precisely and differentiatedly as possible and then as extensively and holis-
tically as possible. Holistic approaches (1) apply processtracing methods, (2) integrate objec-
tive (behavioral), subjective (e.g., cognitive), and situational (e.g., link descriptions) charac-
teristics, and (3) analyze these data on a micro level (single selection actions) and on a macro
level (e.g., aggregate actions on a result page). (For other holistic approaches, see Bilal, 2000;
Bilal & Kriby, 2002; Hargittai, 2004a; Wirth & Brecht, 1999.)

Research Questions
The theoretical considerations discussed above lead to the following research questions:

RQ1: Can indicators be found that point out different degrees of cognitive elaboration
of decision-making during a Web search?

RQI.1: What is the role of situational characteristics, i.e., task characteristics and
characteristics of search engine pages, in Web search decision-making?

RQ1.2: What is the role of user characteristics, i.e., psychological and sociodemo-
graphic characteristics, in Web search decision-making?



RQ2: Which selection action types are related to more or less cognitive elaboration in
Web search decision-making?

RQ3: Do differences in the cognitive elaboration of decision-making during the Web
search result in a different search performance?

Method

Using a holistic quantitative approach, this study analyzes the Web search processes of partic-
ipants by conducting a quasi-experiment that combines a client-oriented Web content analy-
sis, a think-aloud protocol, and an online questionnaire.” The participants had to conduct three
search tasks with different levels of complexity (low, intermediate, and high complexity). At
the beginning of each session, and directly after the completion of each search task, the partic-
ipants answered questions about their Web use, their surfing habits, and their assessment of
the search task they had just completed. The experiments were held in single sessions.

We classified task complexity based on a-priori evaluations. Using four default search en-
gines, two Web-experienced coders systematically explored all search tasks. The search tasks’
complexity was ranked according to the availability of task-relevant information on the Web,
as well as the dispersion of this information on different websites (Bilal, 2002; Bystrom &
Jarvelin, 1995; Vakkari, 1999).

Alternately, the participants received an open-ended task and a closed task (Bilal, 2002; Mar-
chionini, 1989, 1995). Presumably, more complex tasks should raise the cognitive effort
(Chen & Rada, 1996). Furthermore, the amount of time at the participants’ disposal varied.
For easy tasks they were given three minutes, for intermediate tasks five to ten minutes, and
for highly complex tasks, five to eight minutes (see Table 1).

The three search tasks could be processed using Google, Yahoo, Web.de, or Lycos.* Individu-
als were randomly assigned to one of the search engines.

Following the holistic approach in search behavior research, all of the participants’ selections
and navigations were captured by screen recording. Insights into the decision-making pro-
cesses during the search were collected by applying a thinkaloud protocol (Eveland & Dun-
woody, 2000). Thinking aloud prevents rationalizations and reveals momentary thoughts and
situational influences (Ericsson & Simon, 1993). In order to shed light on the mental decision-
making processes during navigation, verbal and paraverbal behavior and facial expressions
were recorded using a microphone and video camera. Both direct (i.e., verbal) and more indi-
rect indicators of the decision-making processes, i.e., paraverbal behavior and facial expres-
sions, allowed us to examine the decision-making and cognitive processing of the participants
thoroughly.

The verbal and video recordings and the screen recordings were digitally synchronized and
coded using a quantitative coding scheme (cp. Hargittai, 2004a; Wirth & Brecht, 1999). The
basic coding unit was a single selection action, defined as any action resulting in at least par-
tially new information, which in turn was the informational basis for the next selection deci-
sion. Therefore, horizontal and vertical scrolling was also included in the coding system. Eve-
ry selection action was coded with its direct attributes (type of action), including micro-
situational characteristics (e.g., Web page complexity, link characteristics, mouse moves),
verbal and paraverbal responses and facial expressions accompanying the selection action.
This coding allowed the authors to analyze single steps of the search process, as well as sev-

® For an in-depth description of the design and methodology beyond the information presented here, see Wirth,
Bocking, Karnowski and von Pape (2007).

4 Google, Yahoo, and Lycos were at that time the three search engines used most frequently in Germany. Web.de
was the most frequently-used exclusively German search engine.



eral sequences of action, by aggregating the data on higher levels. Thus, the demand of a ho-
listic approach was accommodated by incorporating all selection decisions and merging them
into coherent sequences. All in all, a total of 15,476 selection actions were coded.’

Table 1 Search tasks and their characteristics

Search task Task characteristics
Time Type Complexity

Backache 3 min. Open-ended Low
Underage pregnancy 5 min. Open-ended Intermediate
English language schools in Thailand 8 min. Open-ended High

Private life of Albert Einstein 10 min. Open-ended Intermediate
Jessica Stockmann 3 min. Closed Low

Model of Titanic 5 min. Closed Intermediate
Brandenburg Gate 8 min. Closed Intermediate
Nazi salute 10 min. Closed High

Measures

In order to answer research question 1, the mental decision-making processes during naviga-
tion were examined in further detail. For that purpose, indicators were collected from the cod-
ed verbal and paraverbal data, as well as from the facial expressions. Four non-overlapping
indicators for the degree of cognitive elaboration were computed:

1. The degree of evaluation (including the participants’ verbal and paraverbal evaluations,
e.g., comments on information quality or facial expressions of disappointment).

2. The degree of reflection (consisting of verbal and paraverbal comments about the selection
destination and orientation, justifications, verifications, astonishment, and comments about
one’s own deliberation).

3. Expectancy violation (including verbal and paraverbal comments on met versus unmet ex-
pectations).

4. Indecisiveness (consisting of hesitating mouse actions, corresponding paraverbal com-
ments, and actions that were started but not finished).

Additionally, the time spent on a selection unit was assessed as a more indirect indicator for
focusing on the decision task.

In order to answer research question 1.1, situational characteristics (absolute number of SERP,
absolute number of results, information quality of the result link description) and task charac-
teristics (fask type, subjective task complexity—6 items, Cronbach’s a=.791) were taken into
account. In order to answer research question 1.2, the influence of domain specific involve-
ment, the processing involvement (5 items, Cronbach’s a=.721), the Web experience (8 items,
Cronbach’s 0=.852), and sociodemographic data were analyzed. Research question 2 deals

> The inter-rater reliability of the codings can be considered satisfactory. The codings of the 17 think-aloud
technique variables showed a pairwise percent agreement of 87%; those of the 7 facial expressions variables
showed an agreement of 82%; those of the 154 Web and selection action variables showed an agreement of
92%.



with the different #ypes of selection actions (e.g., scrolling), which are related to different
styles of cognitive processing. Finally, as an indicator of search performance (RQ3), a relative
information gain measurement (measuring the increase of task relevant information during the
search process) was developed and analyzed.

Data Analysis

To fulfill the holistic approach, we incorporated not only all selection decisions in our analy-
sis, but also merged them into coherent sequences. First, the search sequence was aggregated.
This contained all actions that took place in the context of a specific search query. It began
with the introduction of a search query and ended when a new search query was entered. All
actions between these two search queries were included.

Within the search sequence we aggregated two further sequences on which our analyses are
based: the result page sequence (RPSEQ) and the result evaluation sequence (RESEQ).

The RPSEQ contains all actions that take place on a specific SERP. It begins with the first
action on a new SERP and ends when the SERP is abandoned, for example, via a result link
or because a new SERP is opened. All actions on the SERP itself (scrolling or jumping on the
page) are part of the actual RPSEQ. All interruptions— for example, because of an interim
result evaluation—are excluded.

The RESEQ consists of all actions that serve to explore and evaluate a specific result link on a
SERP. The sequence begins with the activation of a result link and contains all actions on the
subsequently entered Web pages. All interruptions, including those due to an interim visit of a
SERP, are excluded. The RESEQ has the sole potential for information gain and for
knowledge acquisition because only these pages contain content.

While conducting a search, users usually have to reformulate the first search query again and
again to be (more or less) successful, ultimately. This means that they execute several search
sequences in a row, each consisting of result page sequences (RPSEQ) and (in the majority of
cases) result evaluation sequences (RESEQ). To get a condensed picture of these navigation
activities, including the cognitive processes that accompany them and the resulting search
performances, a cluster analysis of both types of sequences was conducted. Cluster analysis, a
statistical analysis technique that generates a descriptive overview of different search patterns,
has been widely applied in studies in the field of Web navigation research (e.g., Chen &
Cooper, 2001; Lawless & Kulikowich, 1998).

As we are interested in patterns of heuristic (less effortful) versus systematic (more effortful)
search engine use, we clustered only variables indicating cognitive effort: the degree of evalu-
ation, the degree of reflection, expectancy violation, indecisiveness, and the time spent on a
selection unit.” To provide further information about the processing types and to answer the
research questions, correlations and contingencies between the resulting clusters, the situa-
tional characteristics involved (absolute position of SERP, absolute number of hits and the
task type and complexity), and individual users’ characteristics (processing involvement, do-
main specific involvement, Web experience, familiarity to search engine, sex, age, education)
are analyzed. Finally, the selection activity is taken into account by considering different
types of selection actions (scrolling, ‘‘back’’ button, etc.).

Participants

Participants for this study (N=128) were recruited through announcements in two local papers
and by flyers distributed in the residential quarter neighboring our institute. All participants
received an incentive of 15 €. Ages ranged from 13 to 69 years (@ 28.6 years), with 50% male

® The cluster analysis followed a two-step logic. In a first step the appropriate number of clusters was identified
(hierarchical clustering; finding the knee of the curve in the evaluation graph; Salvador & Chan, 2004). In a se-
cond step, the identified number of clusters was optimized (quick cluster; Everitt, Landau, & Leese, 2001). In
order to avoid biases due to different measures and variances, all variables were z-standardized.



and 50% female. One-third of the participants were adolescents (ages 13-18). Their highest
educational level was distributed equally into low (middle school), middle (high school di-
ploma), and high (university degree) degrees. Thus, the diversity of participants exceeded that
found in many similar studies.

Limitations

To avoid artifacts due to unforeseen task characteristics, each participant was assigned three
out of eight tasks (Table 1)—thus limiting the possibility of comparing participants’ perfor-
mance. However, a certain comparability between tasks was guaranteed by classifying them a
priori according to task type (closed or open-ended) and complexity (easy, intermediate, high)
as described in the Method section.

One limitation of the study is the over-representation of young users with higher education
and greater search engine experience.

Results

Overall Task Performance and Search Behavior

Overall, users attained an information gain of 27% in the course of one task. The average
search sequence took 99 seconds, in which users consulted 1.4 result pages and visited 2.2
result links, realizing 11 selection actions per search sequence. Search sequences took less
time, fewer selection actions were realized and fewer result links were visited for closed tasks
than for open-ended tasks; the number of SERPs was about equal for both task types (Table
2). As expected, task complexity is reflected partially in overall search success; however, it
does not seem to influence the length of search sequences or the number of result pages and
result links visited (Table 3).

Table 2 Task performance and task type

Task performance Task type

Overall® Open-ended®  Closed®

M SD M SD M SD

Overall search success (in %) 27 0.35 30 0.31 22 0.42
Average length of a search scqucnccd (in sec.) 99 102 110 111 82 83
SERPs consulted per search sequence 1.4 1.2 1.4 1.2 15 13
Result links visited per search sequence 2.2 1.7 2.4 1.8 1.9 14
Selection actions per search sequence 11 14 12 15 9 11

AIN=381 tasks executed. ®n=254 tasks executed. n=127 tasks executed. N=1324 search
sequences.

Table 3 Task performance and task complexity



Task performance Task complexity

Low® Intermediate®  High®

M SD M SD M SD
Overall search success (in %) 34 0.37 36 035 5 0.19
Average length of a search sequence (in sec.) 88 66 113 118 86 90
SERPs consulted per search sequence 1.2 1.1 1.6 1.3 1.3 12
Result links visited per search sequence 2.1 1.4 23 1.8 2.1 1.6
Selection actions per search sequence 8 9 13 16 9 12

AIN=128 tasks executed. "N=154 tasks executed. “N=99 tasks executed.

Cognitive Processing Within the Result Page Sequences (RPSEQ)

The cognitive processing within the result page sequences (N=1594) can be differentiated into
four clusters (Table 4). Concerning situational factors (RQ1.1), significant differences be-
tween the clusters were found regarding the absolute position of the search engine result pag-
es on which the RPSEQ was realized, the absolute number of result links found on that page,
and the task complexity, whereas the task type did not vary significantly. User characteristics
(RQ1.2) such as Web experience, familiarity with the used search engine, and age differed
significantly, leaving domain-specific and processing involvement, sex, and education as in-
significant factors (Table 5). The following description of the clusters focuses on the signifi-
cant factors. Moreover, to provide a condensed picture of the specific characteristics of each
cluster, within the significant factors only those with csr-values higher than 12.0 and lower
than -2.0, respectively, are included in the cluster descriptions.’

The first and largest cluster is characterized by the lowest number of reflective comments and
the lowest evaluation rate of all clusters (Table 6). Participants acted very decisively and
showed little surprise over the search engine results. This is reflected by the short time they
spent on a SERP (23 sec.) and the low number of selection actions they completed during one
RPSEQ (Table 6). At the same time, participants entered search queries here more often than
in the other clusters (27.0%; Table 7). Apparently, they scanned the search engine results only
briefly and in a rather superficial way and did not use much cognitive effort in processing
them. In many cases, RPSEQs of this cluster concern not the first but subsequent SERPs
(csr=+4.2; Table 5).

7 Since some of the characteristics are nominally scaled, cross tabulation procedures are used. While chi square
statistics provide an overall measurement for the strength of the contingency between the clusters and the
characteristics we are interested in, other statistic parameters are necessary for more detailed information.
The cell residuals, which are based on the difference between the observed and the expected cell values, offer
a good alternative. In order to make the residuals comparable between different measures and different fre-
quencies, they were z-standardized and adjusted for the row and column totals. These corrected standardized
residuals (csr) are used here to determine the relevance of contingencies. The mean of the csr is 0, the stand-
ard deviation is 1.0. The higher (or lower) the csr between a characteristic and a cluster is, the more typical
the characteristic is for the cluster in a positive (or negative) manner. If the standardized residual is greater
than 2.00, then that cell can be considered to be a major contributor to the overall chi-square value (Haber-
man, 1978).



Table 4 Analyses of variance for the clusters of cognitive processing on different sequence
levels

Type of cognitive processing B le

Clusters of cognitive processing within the result page sequences (RPSEQ)®

Indecisiveness 1535.71 743
Expectancy violation 734.39 .581
Degree of evaluation 192.00 .266
Degree of reflection 38.43 .068
Time spent for selection unit 297.82 .360

Clusters of cognitive processing within the result evaluation sequences (RESEQ)®

Indecisiveness 80.11 .086
Expectancy violation 4894.90 .652
Degree of evaluation 39.02 .044
Degree of reflection 219.11 205
Time spent for selection unit 861.31 .503

Note: p<<.000 in all cases
2df = (3, 1590) for RPSEQ-variables; df = (2, 1702) for RESEQ-variables. °N=1594. “N=1705.

Table 5 Differences of situational and user characteristics within the Result Page Sequence
Clusters (RPSEQ)

Characteristics df X
Situational characteristics
Absolute position of search engine result page® 6 35.86***
Absolute number of search query results” 15 65.57*%*
Task type (closed task / open-ended task) 3 3.99
Task complexity (low / mid / high) 6 14.97*
User characteristics
Domain specific involvement (low / high) 3 7.387"
Processing involvement (low / high) 3 1.16
Web experience (low / high) 3 29.12%**
Unfamiliar search engine 3 18.52%**
Sex 3 4.26
Education (low / high) 3 14.34

Age® 6 44 34+
st 7nd —5rd

and subsequent. bcategories: none, up to 50, up to 500, up to 5000, up
to 50.000, more. “categories: 13-18 yrs., 19-35 yrs., older than 35yrs.
Tp<.10. *p<.05. **p<.01. ***p<.001.

categories: 1

Generally speaking, the cognitive effort invested seems to diminish when participants check
subsequent SERPs. This mode of processing indicates a heuristic processing that relies on the
experience of resulting links on subsequent SERPs often not matching the search query.
Therefore, they may be skimmed over quickly in a cursory manner, permitting participants to
act more decisively. This behavior does not stand for an absolutely non-elaborated decision-
making, but rather, points to a cognitive ‘‘shortcut’’ requiring less effort, which, however,

10



runs the risk of overlooking useful result links. To sum up, SERPs of this cluster can be de-
noted as ‘‘subsequent result pages with quick and heuristic processing.”” Younger participants
between 19 and 35 years (csr=+4.9) and experienced Web users especially showed this kind
of heuristic processing (csr=+4.4) (Table 5).

Table 6 Amount of cognitive processing within the Result Page Sequence Clusters (RPSEQ)

Type of cognitive processing  RPSEQ clusters

Cluster 1* Cluster 2° Cluster 3¢ Cluster 4¢

M, SD M, SD M, SD M, SD

Indecisiveness —.45 .50 d6 0 1.28 1.85 .86 —.16 .56
Expectancy violation —.38 .28 261 108 =27 49 -—.15 .50
Degree of evaluation —.52 72 S0 117 =19 .89 .61 .90
Degree of reflection —.14 102 73 104 —.11 .92 .05 90
Time per selection unit —.45 S50 —.41 57 =27 .65 76 1.02

Notes: My=standardized mean values. For significances and F-values, see Table 4.
3Subsequent result pages with quick and heuristic processing; n=708. ®Unexpected dead end
result pages; n=156. “Result pages with hampered decision-making; n=217. Result pages with
high and successful cognitive effort; n=513.

Table 7 Differences of selection action characteristics and information gain within the Result
Page Sequence Clusters (RPSEQ)

Characteristics RPSEQ clusters

Cluster 1* Cluster 2° Cluster 3° Cluster 44

M SD M SO M SO M SD

Number selection actions*** 3.08 223 210 135 3.16 221 6.05 59
Time per selection unit (in sec.)*** 23 15 25 17 29 19 59 30
Selected action types (fraction)
Scrolling*** 37 .35 38 41 37 33 51 27
Search query*** 27 .38 23 37 .19 .13 12 .23
Back button*** .03 .16 A2 31 .05 18 .02 10
Result link activation*** 23 .30 14 .30 24 31 27 25
Closing window 01 07 .01 .06 .01 07 .01 04
Information gain (in %)*** 31 145 00 00 34 129 6.5 184

3Subsequent result pages with quick and heuristic processing; n=708. "Unexpected dead end
result pages; n=156. “Result pages with hampered decision-making; n=217. “Result pages with
high and successful cognitive effort; n=513.

Tp<<.10. *p<.05. **p<.01. **p<.001.

The second cluster is the smallest. It is characterized by high cognitive reflection and rather
high evaluative, mostly negative, comments (Table 6). The cluster has the shortest RPSEQs,
with an average of only two selection actions (Table 7) and a length of 25 seconds. Most
strikingly, the SERPs fall very short of the participants’ expectations, while indecisiveness is
at an average level (Table 6). The expectation discrepancies seem to be so obvious that users
do not feel insecure about the next step (in many cases, using the ‘‘back’’ button (12.3%) or

11



entering a new search query (21.5%); Table 7). Within these RPSEQs, there was not a single
result link evaluation that led to an information gain (Table 6). This large incidence of reflec-
tion is understandable when considering that this cluster mainly concerns the first SERP after
a search query (csr=+2.2; Table 5). In this case, a learned heuristic seems to trigger further
cognitive processing. The first SERP presumably provides useful result links and is therefore
explored very carefully.

However, the search engine results in this cluster were appraised as unexpectedly inappropri-
ate, and frequently, the search engine failed to present any result links at all (no hit: csr=+5.1).
Participants reacted strongly to this unexpected outcome of their search and quickly decided
to give up their search. Therefore, we call the RPSEQs in this cluster ‘‘unexpected dead end
result pages.’’ This interpretation conforms to the fact that RPSEQs of this cluster are likely
to be found in highly complex tasks (csr=12.2).

Within the third cluster, the high rate of indecisiveness stands out, while evaluations and re-
flective comments occur at a fairly average rate (Table 6). Participants spent 29 seconds navi-
gating on a single SERP, which is an intermediate length of time compared to the other clus-
ters. The action types also occur on an average level (e.g., scrolling, activating the ‘‘back”’
button). RPSEQs of this type often take place on the second SERP of the search query
(p<.01). The participants presumably wonder whether they should explore additional SERPs
or enter a new search query.

Since no other situational variable is able to clarify the high rate of indecisiveness, it can be
assumed that individual characteristics contribute to that type of decisionmaking. Indeed, the
youngest participants (< 18 years; csr=+2.0) and those unfamiliar with the assigned search
engine (csr=+3.4) are over-represented in this cluster (Table 5). These groups presumably did
not possess strategies for what to do in situations where the most obvious action (exploring
the first SERP) is already taken and has not resulted in a satisfying information gain. In short,
the RPSEQs in this cluster can be denoted as *“‘result pages with hampered decision-making.”’
The main characteristics of the fourth cluster are numerous evaluative comments and an aver-
age degree of reflection (Table 6). The participants were only slightly indecisive and ex-
pressed few expectancy violations. With a mean duration of 59 seconds, these RPSEQs lasted
twice as long as the other RPSEQs and consisted of six selection actions (Table 7). Thus, an
average selection action lasted 10 seconds, indicating rather slow decision-making. The in-
formation that could be additionally gained within these RPSEQs was remarkably high (Table
7). However, this additional information is found only by scrolling and not through the activa-
tion of result links (Table 7). Additional analysis revealed that this type of RPSEQ often cor-
responds to the first SERP after entering a search query (p<.01). This cluster is typical, not
only for youngsters, but for adults older than 35 years (csr=+5.3), for less experienced Web
users (csr=+5.0), and for people with low domain-specific involvement (csr=+2.1) (Table 5).
Moreover, tasks of intermediate complexity are slightly overrepresented (csr=+2.9).

Overall, the following picture emerges: It is mostly (but not exclusively) inexperienced or
less-involved users who thoroughly evaluate the first SERP and thereby attain remarkable
information gain (6.5%; Table 7)—but only if the tasks are not too complex. RPSEQs in this
cluster can be characterized as ‘‘result pages with high and successful cognitive effort.”’ Con-
sequently, this cluster corresponds to the second cluster, in which the evaluation of the first
SERP resulted in an unexpectedly poor search result. In contrast to the third RPSEQ cluster, a
learned strategy seems to be available to trigger the evaluative processing mode. Participants
over 35 years old and those with less Web experience frequently used the heuristic cue and
relied on the relative position of the SERP; the heuristic suggests evaluating the first result
page more elaborately.

Cognitive Processing Within the Result Evaluation Sequences (RESEQ)
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The analysis of aggregated RESEQ data (N=1705) resulted in three significantly different
clusters of cognitive processing (Table 4). Among situational characteristics (RQ1.1), the only
one differing significantly across clusters is task complexity, whereas the absolute position of
the referring SERP, the absolute number of result links, and the task type did not show signif-
icant differences. User characteristics (RQ1.2), such as domain specific involvement, Web
experience, education, and age, differed significantly, while processing involvement, familiar-
ity with the search engine used, and sex did not differ (Table 10). Within the significant fac-
tors only those with csr-values higher than +2.0 and lower than -2.0, respectively, are includ-
ed in the cluster descriptions.

The first cluster is the smallest, but contains the longest RESEQ. The participants spent on
average more than two minutes (M=139 sec.) and completed 14 single selection actions (Ta-
ble 9) to explore and evaluate a result link. These RESEQs are characterized by a high rate of
indecisiveness correlating with a high level of astonishment over the content of the Web pag-
es and a moderately reflected, less evaluative process (Table 8). RESEQs in this cluster ap-
pear to be especially successful. The RESEQs result in high information gain (Table 9) with
very few discontinuing actions observed, like activating the ‘‘back’’ button (9.1%) or closing
the browser’s window (3.1%). Scrolling is by far the most frequent action and occurs more
often in the first cluster than in any of the other clusters (57.0%; Table 9).

Overall, the result link activation seems to be part of a heuristically motivated trial-and-error
strategy used on the first few SERPs (p<.01). The high astonishment within the RESEQs
found among this cluster, as well as a largely positive evaluation, can be interpreted as a
pleasant surprise, as the trial-and-error strategy was successful. This fits with the fact that this
RESEQ type generally appears more often among novices (cs7=+3.2) and older participants
(>35 years; csr=+2.6) (Table 10). Hence, these RESEQs can be described as a typical trial-
and-error navigation, consisting of less-reflected ‘‘trying,”” or exploring actions mixed with
several reflected and evaluated selection decisions. Therefore, it will be denoted as ‘‘success-
ful trial-and-error result link exploration.”’

Table 8 Amount of cognitive processing within the Result Evaluation Sequence Clusters
(RESEQ)

Type of cognitive processing RESEQ clusters

Cluster 1* Cluster 2° Cluster 3°

Mz SD Mz SD Mz SD
Indecisiveness .87 .67 —.10 .98 —.14 .66
Expectancy violation .67 .96 1.21 43 —.76 .00
Degree of evaluation -.72 .54 —.05 .97 -.25 .86
Degree of reflection —.11 .57 .57 1.02 —.34 74
Time spent for selection unit —2.21 1.77 —.22 47 —.26 .50
Note: M =standardized mean values. For significances and F-values see Table 4.
3Successful trial-and-error result link exploration; n=161. ®Unexpectedly failed result link

exploration; n=645. “Cursory result link exploration; n=899.

Table 9 Differences of section action characteristics and information gain within the Result
Evaluation Sequence Clusters (RESEQ)
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Characteristics RESEQ clusters

Cluster 1% Cluster 2° Cluster 3¢
M SD M SD M SD
Number selection actions*** 13.80 8.57 3.90 2.39 3.92 2.55
Time per selection unit (in sec.)*** 139 76 34 20 33 22
Quality of result link description*** 91 .98 .68 1.16 .76 1.15
Selected action types (fraction)
Scrolling*** 57 21 .26 .26 .28 27
Back button*** .09 .10 22 .20 .16 .18
Content link*** A2 12 05 10 .04 10
Closing window*** .03 .05 .08 15 10 17
Information gain (in %)*** 11.3 23.8 2.3 11.9 6.8 19.6

3Successful trial-and-error result link exploration; n=161. "Unexpectedly failed result link
exploration; n=645. “Cursory result link exploration; n=899.
Tp<.10. *p<.05. **p<<.01. ***p<.001.

The second cluster is characterized by a high degree of expectancy violation and reflection.
The relative degree of evaluation is the highest, indicating that participants more critically
evaluated these content pages versus other Web pages, like the SERPs. The participants
showed a moderate extent of indecisiveness (Table 8). On average, these RESEQs lasted only
34 seconds and consisted of about four selection actions (Table 9). Contrary to the first clus-
ter, the RESEQs here resulted in a very low information gain (Table 9). Because of the unex-
pectedly low success of the result evaluations, the backward navigation action was encoun-
tered rather frequently (Table 9). The probability of such RESEQs was higher with complex
tasks than with easier ones (csr=+2.7; Table 10).

Table 10 Differences of situational and user characteristics within the Result Evaluation Se-
quence Clusters (RESEQ)

2

Characteristics df X
Situational characteristics
Absolute Position of search engine result page® 4 8.56"
Task type (closed task / open-ended task) 2 5.87"
Task complexity (low / mid / high) 4 16.03**
User characteristics
Domain specific involvement (low / high) 2 7.07*
Processing involvement (low / high) 2 2.78
Web experience (low / high) 2 16.35%%%
Unfamiliar search engine 2 .53
Sex 2 2.16
Education (low / high) 2 32.16*%**
Ageb - 9.85*

*categories: 1%, 2™, 3" and subsequent. "categories: 13-18yrs, 19-35yrs, older than 35yrs.

Tp<.10. *p<.05. **p<.01. ***p<.001.
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These RESEQs seem to reflect a very systematic processing that is presumably assisted by the
situational context. The high expectancy violations index suggests that the explored contents
are easily classified as improper. In the literature, this is assumed to be the case in closed tasks
rather than in open-ended tasks (Marchionini, 1989; Navarro-Prieto, Scaife & Rogers, 1999).
These assumptions are confirmed by the present study (closed task: csr=+2.1; Table 10). The
participants reflected on the contents, saw that they did not satisfy their expectations, and
turned back to explore other result links. It is remarkable that experienced users (csr=+2.6),
younger ones (19-35 years; csr=+2.6), and participants with high domain-specific involve-
ment (csr=+2.4) are overrepresented within this cluster, while users with higher education are
strongly underrepresented (cs7=-5.3). These participants are possibly used to moving rapidly
through the Web, deciding very quickly whether information is adequate. Thus, this cluster
could be called ‘‘unexpectedly failed result link exploration.”’

The third cluster contains by far the most RESEQs and is mainly characterized by complete
conformity to expectations (Table 8). Compared to the other two clusters, the actions are ac-
companied by very few reflective comments. Evaluations are expressed only from a moderate
to low extent. The RESEQs last only about half a minute (33 sec.) and consist of four selec-
tions (Table 9). The information gained is on a medium level (Table 9).

As additional analysis revealed, the exploration of the RESEQs in this cluster happens rather
late. Often, it is the ninth, tenth, or even a later RESEQ (p<.001). Taking into account that
easy tasks are over-represented (cs7=+3.3) and that the participants typically have high Web
experience (csr=+3.4), are involved in the domain (csr=+2.4), and have higher education
(csr=15.5), the following interpretation seems plausible: If motivated and higher skilled, users
explore an aboveaverage number of result links. Therefore, according to their Web experi-
ence, they navigate rather speedily, applying little reflection and evaluation. They quickly
scan the result link page to see if it holds information for which they seek and then move on.
This processing mode seems to follow especially the ‘‘satisficing’’ principle; the gain of in-
formation is not optimal but is nonetheless sufficiently efficient to carry on the exploration.
This type of RESEQ can be denoted as ‘‘cursory result link exploration.’’

Conclusion

The study confirms that the combination of dual-process theories and decision theory pro-
vides a useful framework for describing search behavior on the Web. In response to the first
research question, clusters of different cognitive elaboration efforts could be identified
through the indicators applied on the levels of both analyzed sequence types (RPSEQ and
RESEQ). Among the RPSEQs, there is a tendency toward more heuristic processing. The first
and, by far, biggest cluster shows a clear picture of heuristic processing, namely the scanning
of subsequent result link pages. The second and third clusters both show some kind of sys-
tematic processing, but also indicate heuristic or, worse, no processing at all. The second clus-
ter can be explained by the unexpectedly poor results found on the SERP; concerning the third
cluster, the participants did not seem to possess appropriate strategies for the subsequent re-
sult lists. In contrast, the fourth cluster, which mainly contains the exploration of the first re-
sult pages and is characterized by a high cognitive effort, clearly represents systematic pro-
cessing. The tendency towards more systematic processing can be explained by the fact that
the success of the entire search depends on users’ decisions on the result pages, and thus sim-
ple heuristic processing, or no processing at all, means taking a higher risk.

The RESEQs are also dominated by heuristic processing. The third and the first clusters dis-
play heuristic processing; the third cluster shows a low reflection and a cursory scanning of
the content pages behind the result links, while the first cluster indicates a heuristic trial-and-
error-behavior, mixed with reflective comments. In contrast, the second cluster is determined
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by high cognitive reflection, which occurs if the result link exploration unexpectedly fails.
Thus, users apply systematic processing at points crucial to a further search, as already recog-
nized for RPSEQs.

Differences and similarities between the RPSEQs and the RESEQs can also be identified in
regards to situational and user characteristics (research questions 1.1 and 1.2). While some of
these are only important for one of the sequence types, others are important for both. Thus, it
is only among RPSEQs that the situational characteristics absolute position of a search engine
result page and absolute number of result links are important factors for the applied level of
cognitive elaboration. Generally, users dedicate more cognitive effort to the first SERP,
whereas the following SERPs draw less attention because they appear less promising accord-
ing to the heuristic that subsequent SERPs will contain less relevant information. If later
SERPs attract attention, this is often due to insecurity about whether it is better to continue the
search or to start a new one. Likewise, higher cognitive attention is only evoked if the search
query resulted in zero result links.

Factors influencing cognitive processing within RESEQs are the users’ domain specific in-
volvement and their level of education. Here again the difference between the two types of
sequences becomes evident. In RPSEQs, background knowledge is not important because
result link pages, with their short link descriptions, do not offer enough information. In con-
trast, result pages contain the information sought and demand a user’s capacity to analyze the
content provided.

Factors of high importance for both sequence types are fask complexity as a situational char-
acteristic, and Web experience, familiarity with the search engine, and age as user characteris-
tics. Complex tasks seem to demand a higher level of elaboration up to the point where a task
is considered unsolvable and the discouraged user prefers not to invest any more attention in
the problem. Web experience influences the degree of cognitive processing in two ways. First,
experienced Web users generally process information in a more heuristic manner; for exam-
ple, they scan SERPs and Web contents rather quickly. This can presumably be traced back to
a larger strategy set with very efficient strategies (Gigerenzer, 2004; Navarro-Prieto et al.,
1999). Among experienced users, cognitively more elaborate processing occurs only if they
encounter unexpected content. However, in these situations cognitive processing is more re-
lated to the content than to the question of how to proceed with the search. Inexperienced us-
ers, on the other hand, tend to reflect more on their decisions and spend more time and cogni-
tive effort exploring result links. The users’ age seems to be directly connected to the Web
experience as users older than 35 years always appear in the same clusters as inexperienced
ones. A low familiarity with the search engine seems to influence the cognitive processing
indirectly by hampering the search process itself.

In response to research question 2, different types of selection action corresponded to differ-
ent types of cognitive elaboration. These differences depend on the situational characteristics
of the search sequence in which these selection actions are situated, as well as personal char-
acteristics of the user. Thus, activating the ‘‘back’’ button is a typical action in a trial-and-
error heuristic, but it may also be the result of a thorough evaluation of the information found
on one link or SERP.

Concerning research question 3, the interrelation between search performance and the type of
cognitive elaboration applied is rather complex. Neither heuristic nor systematic search can be
identified as a generally better performing approach. However, a combination of heuristic and
systematic processing in the course of one search sequence seems to be the ideal solution, as,
for example, in clicking directly onto the first result link on the first result page and then ana-
lyzing that page very carefully. While experienced users achieve suboptimal results by pro-
cessing in a more heuristic way, inexperienced users may achieve similar information gain by
processing in a more systematic way. Thus, to a certain extent, inexperienced users seem to
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compensate for their lack of Web experience with more elaborate processing. However, if
something unexpected occurs, they seem unable to cope with the situation.

Overall, the findings support the theoretical assumption of the adaptive, costeffective user
applying a cognitive processing mode using less effort—as long as this is sufficiently efficient
and does not produce too high of a risk (Payne et al., 1993). However, it seems that users pro-
cess the information in a more effortful manner if the risk of a wrong decision is high (for
example, abandoning a search section which might still bring the searched information) or
something unexpected occurs, such as finding no results after entering a promising search
query. While users with Web experience can switch between heuristic and systematic pro-
cessing, inexperienced users can only act adaptively to the extent that they can fall back on
appropriate coping strategies, such as clicking on the first link offered on a SERP. If they do
not apply such strategies, they need to mobilize a higher cognitive effort, but as our results
show, this works only as long as the situational demands—notably the search task—are not
too complex. Again, this supports the assumption of decision theory (Payne & Bettman,
2004). The findings also reveal the limits of direct adaptive behavior. Sooner or later, even
experienced users are confronted with dead ends. In this case, only a meta-strategy can help:
to quit the present search and start again.

Overall, this study provides insight into the cognitive processes that may be the basis for
many different search engines’ uses. Future research may build on this foundation to proceed
in a more prognostic direction by asking, for example, whether users handle decisions differ-
ently according to their search motives.
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